
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



THE LEG TENDONS OF INSECTS 

PROFESSOR C. W. WOODWORTH 

University of California 

While perhaps known to working morphologists, the 
fact that the leg tendons are cuticular invaginations, and 
therefore subject to replacement at each molt, does not 
appear to have attracted the attention of any of the 
writers of text-books, and as far as the writer of this 
article is aware, has not been published at all. 

The three best developed tendons are the two operating 
the knee joint and the one that flexes the claws. These 
three are almost invariably present, though one or the 
other may be very short, or present only as a cuticular 
thickening. 

These structures are very easy to study in small insects. 
I have found aphids the most satisfactory subjects. The 
legs of most species are transparent enough to show the 
structures well when mounted whole, and the exuviae are 
especially satisfactory objects. They may also be ob- 
tained in such abundance that one can mount large series 
of specimens, thus obtaining mounts showing the leg's 
from almost any desired point of view. 

The knee joints provide for the largest amount of mo- 
tion of any of the joints of the leg, and this motion is 
all maintained in one plane by the development of two 
bearing points, making a hinge. The end of the tibia is 
small enough to telescope within the femur but for these 
articular processes. They consist of a process project- 
ing inwardly on either side of the rim of the femur, as 
shown in Fig. 1, A and B, and corresponding with these 
femoral processes there are slight outwardly projecting 
processes from the margin of the thickened rim of the 
tibia. The articular membrane at these points prevents 
the displacement of the processes. 
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The whole dorsal end of the tibia, including these 
processes, is very largely hardened and thickened and 
marked off from the body of the tibia by a deeply infolded 
ridge. Most of this thickened portion is within the end 
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Fig. 1. The knee joint of Aphis brussicw. A, side view ; B, viewed from 
beneath ; T, tibia ; F, femur ; art.pro, articular process ; e.tend, extensor tendon ; 
e i e 2 e 3 ; extensor muscles; f.tcud, flexor tendon; ff-f^f 1 , flexor muscles; art.mcm, 
articular membrane. 

of the femur when the leg is fully extended, but is all 
exposed when the leg is at extreme flexion. An articular 
membrane connects the extreme edges of femur and tibia, 
as shown in Fig. 1, A. 

Beneath, the hard parts of both femur and tibia are 
deeply emarginated, exposing a broad articular mem- 
brane. When in extreme flexion the rims of tibia and 
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femur almost touch, and the articular membrane is drawn 
deep into the femoral cavity. The tendons find their 
attachment to the outer and inner sides of the rim of the 
tibia and, extending into the cavity of the femur, serve 
for the attachment of a series of muscles, as shown in 
Fig. 1, A and B. 

The flexor tendon in the earlier stages is only a 
V-shaped thickening of the articular membrane, but later 
the point of the V extends deeply as an internal pocket 
for the attachment of muscles reaching nearly to the base 
of the femur. There are two sets of muscles attached to 
this tendon, extending obliquely to the right and left 
sides of the femur. The first of these, f 1 , in the figures 
lying at about 45° to the long axis of the femur, and the 
others marked f 2 , f 3 , etc., lying more nearly longitudinally. 

The extensor tendon attaches to the dorsal rim of the 
tibia by a broad ribbon-like portion and soon expands into 
a broad plate at right angles to this first portion and then 





Fig. 2. End of foot of Aphis brasslcce. a, side view of claws at extreme 
extension ; h, IMd, claws flexed ; c, viewed from beneath ; cl, claw ; t.h, tactile 
hair; fl.scl, floating sclerite ; art.pro, articular process; art.mem, articular mem- 
brane ; tend, tendon ; m, muscle. 

narrows to a ribbon and extends deeply into the femur 
even in the earliest stages. A short muscle, e, is attached 
to the disk, followed by a series of others, somewhat as 
the flexor muscles are arranged, only that there is but a 
single series, finding their attachment to the middle 
dorsal side of the femur. Tendons are first developed as 
somewhat tubular processes, but always collapse after the 
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molt so that the tubular character can never be made 
out. In the case of the extensor tendon of the knee the 
enlarged disk must require a considerable stretching of 
the portion of the tendon further out to enable it to pass. 

The tendon of the claw is very short up to the last 
molt in the case of plant lice. The structure at the 
end of the last tarsal joint is shown in Fig. 2. At 
the extreme end of the foot there are two processes 
over which the base of the claws rotate. The only 
other attachment aside from the soft articular mem- 
brane is a median floating sclerite capping the larger 
part of the end of the cavity of the foot and which 
bears the tactile spines extending forward below the 
claws. This floating sclerite in other insects forms the 
base of the empodium and pulvillse. Neither of these is 
present in the case of the plant lice unless the soft skin 
immediately beyond this sclerite be so designated. The 
lower edge of the margin of the cavity is a strongly 
developed ridge upon which the internal tendon bears 
when the claws are extended, and against which the float- 
ing sclerite rests in extreme flexion. On either side of 
this thickened and elevated ridge there is a distinct notch 
allowing considerable lateral motion of the sclerite. The 
posterior ridge of this floating sclerite extends inward 
as two processes joining with the two wings of the heart- 
shaped tendon. The tendon proper is entirely internal 
as is shown in the figure, and the muscle fibers are 
attached to all sides. The other attachment of the muscle 
is to the base of this large second joint of the tarsus. 

There are really no true tendons in insects; i. e., the 
tendons of the legs are only such in a physiological or 
morphological sense, and not at all in structure or origin, 
but belong instead to the class of internal processes which 
includes the well-known internal skeleton or the head and 
thorax, the tendons of the jaws in mandibulate insects, 
the great internal disk-like tendons for the attachment of 
the elevator muscles of the wings in the Odonata, and the 
skeletal and tendonal process of the ovipositor. The 



456 THE AMERICAN NATURALIST [Vol. XLII 

only difference between a skeletal process and a tendon 
is that one is invaginated from a relatively fixed part of 
the body and the other from a moving part. While in- 
sect tendons are, therefore, not homologous with the ten- 
dons of vertebrates, it is probably wise to retain the 
name just as in the case of femur and tibia for parts of 
the leg, where likewise there is no homology with the 
bones of vertebrates where the names primarily apply. 



